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WO 98/40083 PCT/EP98/01304 
Medicinal preparation containing a lipophili c inert gas 



The invention relates to a liquid preparation con- 
taining a lipophilic inert gas in a pharmacologically 
effective concentration • 

Lipophilic inert gases are inert gases which have 
a degree of solubility in fat. This is expressed for 
example as an oil/gas partition coefficient of more 
than about 0.05 (krypton, 0.5; argon, 0.15/ xenon, 
1.9). Typically an oil such as n-octanol or olive oil 
is employed to measure such a coefficient. Alterna- 
tively lipophilicity of the inert gases may be defined 
with reference to the so-called Ostwald solubility (cf . 
Gerald L. Pollack et al. in J.Chem.Phys. 90 ill), 1989, 
"Solubility of xenon in 45 organic solvents including 
cycloalkanes, acids, and alkanals: experiment and 
theory") . The Ostwald solubility is the ratio of the 
concentration of dissolved gas molecules in a liquid 
solvent to their concentration in the gas phase at 
equilibrium. Thus the Ostwald solubility at 25°C for 
xenon is about 4.8 in n-hexane. Accordingly the term 
lipophilic here defines a gas or a gas mixture (under 
standard conditions) having an Ostwald solubility of 
greater than about 0.2 in n-hexane at 25 °C. 

Pharmacologically or pharmaceutical^ effective is 
understood here as meaning a concentration in the 
liquid preparation which is capable of acting as a 
sedative, anaesthetic, analgesic, anti-inflammatory or 
muscle relaxant in a patient. 

Xenon is being discussed inter alia as an 
inhalation anaesthetic because this inert gas has an 
anaesthetizing and analgesic action. As xenon is very 
expensive, its use as an inhalation anaesthetic 
involves a high consumption and treatment with a gas is 
also technically very expensive, anaesthesia with xenon 
has not been widely accepted. However, because of the 
obvious advantages of xenon gas compared with other 
gaseous anaesthetics, attempts are being made to 
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facilitate the large-scale use of xenon, either by 
obtaining this gas in a simpler and less expensive way 
or by recovering it from the exhaled air. 

Xenon is a colourless, odourless and tasteless 
monoatomic inert gas of atomic number 54. Xenon is 
five times denser than air. Naturally occurring xenon 
also contains isotopes, for example the isotopes 124 , 
126, 128, 129, 130, 131, 132, 134 and 136. Synthetic 
isotopes, like xenon 114, xenon 133 and xenon 142, are 
known as well. These isotopes disintegrate with half- 
lives of between 1.2 seconds and about 40 days. The 
present invention does not address such short living 
radioactive xenon isotopes. 

When xenon is used as an inhalation anaesthetic, 
on the one hand very large amounts are required to 
achieve an anaesthetic action, and on the other hand 
the inspiratory concentration is limited to 70% or at 
most 79% in order to ensure that the patient is 
supplied with at least 21% of oxygen in the inhaled 
air. This allows a degree of anaesthesia and 
analgesia, although on its own this is not sufficient 
to ensure adequate general anaesthesia in a patient. 
It therefore has to be supplemented with inhalation 
anaesthetics, sedatives or intravenous anaesthetics and 
analgesics. In the case of intra-abdominal or 
intrathoracic interventions, it also has to be 
supplemented with muscle relaxants. 

It is not known whether an attempt has ever been 
made to use a liquid preparation containing lipophilic 
inert gases as an injectable anaesthetic. It is also 
not known to use such preparations for other medical 
purposes as well, for example for analgesia or 
sedation. 

DE-A-39 40 389 describes a therapeutic agent con- 
taining a gas in a concentration which is above its 
natural degree of saturation with the gas. Among the 
gases mentioned are atmospheric oxygen, ozone and an 
inert gas. Said publication explains in detail that 
the therapeutic agent is to be used for the purposes of 



WO 98/40083 PCT/EP9 8/01304 

3 

emergency medicine and shock treatment, especially when 
this agent is administered to a patient by infusion as 
a blood substitute and oxygen transporter. Isotonic 
saline solution containing up to 40 mg/1 of oxygen is 
indicated in particular as an agent according to the 
invention. Said publication gives no information about 
the possible activity of inert gases or the fields of 
use of an agent containing inert gases. 

DE-A-16 67 926 discloses a pharmacologically 
acceptable salt solution containing a radioactive gas. 
The present invention does not address radioactive 
gases. 

DE-C-41 00 782 describes aqueous ozone prepa- 
rations which can be administered to a patient as 
infusion solutions. However, said publication empha- 
sizes that ozone has certain algicidal, bactericidal, 
fungicidal, sporicidal and virucidal actions. It 
further mentions that ozone reacts in fractions of a 
second with the unsaturated fatty acids in the blood. 
Because ozone rapidly disintegrates, it is recommended 
to prepare the infusion solutions at the site of use. 

As well as inhalation anaesthetics, injectable 
anaesthetics are described in the state of the 
art. Injectable anaesthetics are used either on their 
own (TIVA) or together with gaseous anaesthetics. 
Although one of the remarkable features of the 
intravenous anaesthetics in current use is an immediate 
onset of action, they regularly exhibit a host of 
disadvantages. It should be stressed that they develop 
only a weak pain inhibiting (analgetic) action, if any, 
and are difficult to control. Thus the advantage of a 
psychic protection of the patient during the induction 
of anaesthesia, whereby the patient momentarily loses 
consciousness and is spared the face mask and the 
excitation stage, is offset by the disadvantage of the 
increased risk of anaesthesia. This risk principally 
derives from the fact that, once the anaesthetic has 
been injected, the anaesthetist can have effectively no 
further influence, so the course of the anaesthesia is 
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determined only by the processes occurring in the body 
- distribution, enzymatic degradation and inactivation, 
as well as elimination via the liver and/ or kidney. 
Other disadvantages of the injectable anaesthetics in 
current use are side effects which are difficult to 
control (for example drop in blood pressure, 
bradycardia, rigidity, allergic reaction) and in some 
cases serious contraindications. As known intravenous 
anaesthetics are frequently administered together with 
analgesics and muscle relaxants, the latter 
additionally modify the pharmacokinetics, particularly 
the half -life, to a considerable extent. Overall, this 
makes the controllability substantially more 
difficult. 

Anaesthesia consists of loss of consciousness, 
analgesia and muscle relaxation. However, there is no 
single intravenous substance, active as an anaesthetic, 
which can bring about these three components of 
anaesthesia effectively and safely. This aim is 
achieved by using active substance combinations. The 
currently known active substances have a mutually 
adverse effect as regards both the pharmacodynamics and 
the pharmacokinetics. In particular, there is an 
enhancement of side effects which can be not only 
undesirable but also dangerous in anaesthesia. In 
particular, these include pronounced effects on the 
heart and blood vessels and on the cardiovascular 
control mechanisms. 

US-A-4 622 219 has disclosed a local anaesthetic 
which can be administered intravenously. This 
injectable local anaesthetic contains microdroplets 
composed predominantly of vapor izable anaesthetics, for 
example methoxyf lurane. However, this infusion 
solution is active exclusively as a local anaesthetic. 

General anaesthesia or the anaesthesia of a patient is 
neither described nor considered. It should be 
emphasized in this connection that methoxyf lurane is 
about 440 times more active than gaseous inhalation 
anaesthetics like xenon (activity expressed as minimum 
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alveolar concentration of anaesthetic at 1 atm (MAC) ; 
MAC values in % by volume: xenon, 71; methoxyf lurane, 
0.16) . 

There is consequently an appreciable need for an 
intravenous anaesthetic of high activity which does not 
exhibit said disadvantages. 

Accordingly it is an object of the present 
invention to provide a liquid preparation which can be 
utilized for inducing anaesthesia, sedation, analgesia, 
and/ or muscular relaxation. 

A further object of the present invention is to 
provide a liquid preparation for inflammation therapy. 

Another object of the present invention is the 
provision of an infusion agent for inducing or 
maintaining anaesthesia which overcomes all or some of 
the draw backs of the above described prior art. 

Still another object of the invention relates to 
methods of treatment wherein a preparation will be. 
parenteral ly administered to induce anaesthesia, 
sedation, analgesia and/or muscle relaxation. Thus, it 
is a general object of the present invention to provide 
novel methods of inducing anaesthesia, sedation, 
analgesia and/or muscular relaxation, and inflammation 
therapy. 

In comprehensive terms, the invention provides a 
liquid preparation containing a lipophilic inert gas in 
dissolved or dispersed form. 

In particular the present invention contemplates 
to utilize gases as such or mixtures thereof, such as 
xenon and /or krypton. 

As will be discussed in more detail below, the 
preparations according to the present invention 
surprisingly seem to have a systemic effect on the 
central nervous system. 

In contrast to the physiological limitations of 
using inert gases as inhalation anaesthetics, as des- 
cribed in connection with xenon, the anaesthesiological 
possibilities for the intravenous administration of a 
lipophilic inert gas, for example xenon, are completely 
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different. They permit hitherto unrecognized improve- 
ments and, in particular, safety for the patient. Even 
preparations containing very small amounts of xenon 
produce pronounced anaesthesia and analgesia. This is 
totally surprising. It has further been established 
that xenon does not have an adverse effect on the 
cardiac musculature. Xenon also exerts no effect on 
the cardiac conduction system. Thus the inert gas has 
no adverse effect at all on the cardiac rhythm or the 
myocardial contractility. The preparation according to 
the invention makes it possible to achieve both 
complete anaesthesia and analgesia in a patient, which 
makes further supplementation with other intravenous 
sedatives, anaesthetics or analgesics superfluous. It 
is also possible to use doses which achieve central 
muscular relaxation, so supplementation with muscle 
relaxants also becomes superfluous. Thus, already 
during the induction of anaesthesia, a patient can be 
subjected to anaesthesia, analgesia and muscular 
relaxation by mono- intravenous anaesthesia with the 
lipophilic inert gas, so intubation can be carried out 
without problems. Further, problems have been reported 
with regard to the use of xenon as inhalation 
anaesthetic with patients with obstructive pulmonary 
diseases like asthma and others. The present invention 
also overcomes problems with such patients. 

It has been found that the administration of a 
preparation according to the present invention as 
opposed to the use of xenon as inhalation anaesthetic 
reduces dose requirements and produces more rapid onset 
and recovery of anaesthetic effect. It seems that the 
liquid preparation of the present invention alters 
xenon disposition and possibly the intrinsic uptake and 
distribution of xenon to tissues. One possible 
explanation may be that the liquid preparations (i.e. 
emulsions) restrict the xenon within the vascular space 
and decrease the volume of distribution. An 
alternative explanation of the effect in providing 
xenon in the form of a liquid preparation could be that 
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emulsion vesicles of the liquid preparation of the 
present invention may diminish the extent of first-pass 
pulmonary elimination, accelerate pulmonary transit 
after intravenous administration, or both. 

The invention also opens up new possibilities for 
the supplementation of intravenous medication, e.g. if 
a patient is additionally required to be sedated. This 
includes, inter alia, the forms of renal replacement 
therapy, such as haemof iltration, haemodiaf iltration 
and haemodialysis, extracorporal membrane oxygenation 
or extracorporal C0 2 elimination, and heart-lung 
machines. In such cases, xenon can be administered to a 
patient as part of these therapeutic procedures. The 
preparation according to the invention can then be in- 
fused as well and/or the blood is enriched with xenon. 

According to the invention, liquid preparations 
are provided which, by virtue of a certain lipo- 
philicity, can easily take up a fat-soluble gas like 
the abovementioned xenon or krypton. 

Blood substitutes, especially perf luorocarbon 
emulsions (e.g. Perf lubron) , can be regarded as 
examples of such liquids. 

Perf luorocarbons can be administered intrapulmo- 
narily, inter alia, so when they are loaded with xenon 
they can also be used on the one hand to treat acute 
lung damage, but on the other hand also to induce 
anaesthesia, sedation and/or analgesia on the basis of 
the pharmacological action of xenon. The intrapulmo- 
nary administration of perf luorocarbon together with 
xenon for partial liquid ventilation and additionally 
for anaesthesia or else alleviation of pain is a novel 
approach to the treatment of severe respiratory crises. 
It reopens collapsed, atelectatic areas of the lung 
which cannot be reached by conventional therapy, 
thereby preparing these areas of the lung for renewed 
gas exchange. 

Perf luorocarbons can also be administered intra- 
venously, so a preparation according to the invention 
which is based on perf luorocarbons can be used for i.v. 
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anaesthesia by means of xenon. However, perfluoro- 
carbons also have a loading capacity for oxygen, 
offering the possibility of intravenously administering 
perf luorocarbons which are simultaneously laden with 
oxygen. Thus it is possible not only to induce 
anaesthesia but also to induce anaesthesia and supply 
(supplementary) oxygen. Difficult intubations of any 
kind can therefore be carried out with a hitherto 
unknown degree of patient safety, namely the avoidance 
of hypoxia. 

It is generally known that a large number of gases 
have a high solubility in perf luorocarbon compounds. A 
perf luorocarbon emulsion according to the invention 
consists for example of up. to 90% (weight/ volume) of 
perflubron (C 8 F 17 ) . Emulsifiers, for example phospho- 
lipids from chicken egg yolk, are additionally 
required. These emulsions which can be loaded according 
to the invention with xenon have been reported for 
example by J. A. Wahr et al. in Anesth. Analg. 1996, 82, 
103-7. 

Suitable fluorocarbon emulsions preferably com- 
prise 20% w/v to 125% w/v of a highly fluorinated 
hydrocarbon compound, for example polyf luorinated 
bisalkylethenes, cyclic fluorocarbon compounds like 
fluorodecalin or perf luorodecalin, fluorinated adaman- 
tane, or perf luorinated amines like fluorinated tri- 
propylamine and fluorinated tributylamine. It is also 
possible to use monobrominated perf luorocarbons, for 
example 1-bromoheptadecaf luorooctane (CaF^Br) , 1- 
bromopentadecaf luoroheptane (C 7 F 15 Br) and 1-bromotri- 
decaf luorohexane (C 6 F 13 Br) . Other compounds can also be 
used, including perf luoroalkylated ethers or poly- 
ethers, e.g. (CF 3 )2CFO(CF2CF 2 )20CF(CF3)2, (CF 3 ) 2 CFO- 
(CF 2 CF2)30CF(CF 3 ) , (CF 3 ) 2 CFO(CF 2 CF 2 ) 2 F, 
(CF 3 ) 2 CFO(CF 2 CF 2 ) 3 F and (C 6 F 13 ) 2 0. 

Chlorinated derivatives of the abovementioned 
perf luorocarbons can also be used. 

The loading capacity of the abovementioned per- 
f luorocarbon preparation is considerable. Xenon loads 
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of e.g. 1 to 10 ml/ml (at about 20°C under standard 
conditions) have been achieved by the simplest means. 
For example, these preparations can be loaded with 
inert gas simply by having the gas passed through them. 

The volume of the gas to be included in the liquid 
preparation of the present invention may be measured by 
simple methods known to the skilled person, such as 
gravimetric measurements or other analytical means, or 
control measurements with for instance radioactive 
xenon (i.e. Xenon 133) as described by Gerald L. 
Pollack (see above) . 

The invention also provides (fatty) emulsions con- 
taining the lipophilic inert gas dissolved or dispersed 
in the lipid phase. 

It has been found that xenon can be added to an 
(fatty) emulsion in appreciable amounts. Thus, even by 
the simplest means, xenon can be dissolved or dispersed 
in concentrations of 0.2 to 10 ml or more per ml of 
emulsion (concentrations relate to standard conditions, 
i.e. 20°C and normal pressure). The xenon 
concentration depends on a large number of factors, 
especially the concentration of the fat or lipophilic 
substance. As a rule the preparations according to the 
invention will be "loaded" with xenon up to the 
saturation limit. However, it is also possible for 
very small concentrations to be present, provided, for 
example, that a pharmacological activity can still be 
observed on intravenous administration. In the case of 
a 10% fatty emulsion, it is easily possible to reach 
xenon concentrations of 0.3 to 2 ml of xenon per ml of 
emulsion. It may be of course also possible to reach 
higher values, e.g. 3, 4, 5, 6 or 7 ml of xenon per ml 
of emulsion. These fatty emulsions are sufficiently 
stable, at least in gas-tight containers, for the xenon 
not to be released as a gas over conventional storage 
periods. It is quite surprising that these emulsions 
can be hyperbaric loaded to high concentrations of 
xenon in the emulsion, and still these emulsions are 
sufficiently stable. 
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The solubility of the inert gas in the emulsions 
can be increased by using so-called solubility 
promotors such as smaller lipophilic compounds which 
may or may not have a pharmaceutical effect (molecular 
weight of about 30 to about 1000; n-octanol/water 
partition coefficient preferably greater than 500) . It 
has been found that aromatic compounds such as 2,6- 
dia Iky lphenols (e.g. 2 , 6-diisopr opy lphenol ) 
significantly improve the loading capacity of emulsions 
for inert gases. 

A large number of documents in the state of the 
art describe contrast media containing a gas, espe- 
cially for ultrasound studies or nuclear magnetic 
resonance spectrometry. An essential feature of such 
contrast media is that a separate phase is formed which 
is made up of very small gas bubbles (or even gas- 
filled balloons) (cf . inter alia WO-A-96/39197, US-A- 
5 088 499, US-A-5 334 381, WO-A-96/41647) . A large 
number of gases are proposed, including especially air, 
nitrogen, carbon dioxide, oxygen and also inert gases 
in general (i.e. helium, argon, xenon and neon). Only 
EP-B-0 357 163 discloses in definite terms that xenon- 
containing media in particular can be used as X-ray 
contrast media. Here again it is emphasized that the 
injectable solution must contain gas bubbles. Further, 
WO-A-95/27438 discloses the use of xenon in a method of 
imaging of a noble gas by nuclear magnetic resonance. 
However, at no point is there any suggestion that xenon 
has an analgesic or anaesthetic action when used as a 
contrast medium or for spectrometry. In fact, such an 
action would also be undesirable. Moreover, the gas 
concentration in contrast media is also so small that 
the limiting concentration for a pharmacological action 
is not reached. Therefore, contrast media as such or 
formulations to be used in spectrometry are not claimed 
in the present patent application. 

The lipid phase of the preparation, which takes up 
the gas, i.e. which can dissolve and/or disperse the 
gas, is formed mainly of so-called fats, said fats 
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being essentially esters of long-chain and medium-chain 
fatty acids. Such fatty acids, saturated or unsatu- 
rated, contain 8 to 20 carbon atoms. However, it is 
also possible to use omega-3 or omega-6 fatty acids, 
which can contain up to 30 carbon atoms. Suitable 
ester if ied fatty acids are especially plant oils, e.g. 
cottonseed oil, soya bean oil and thistle oil, fish oil 
and the like. The major constituent of these naturally 
occurring oils are fatty acid triglycerides. Prepara- 
tions in the form of so-called oil-in-water emulsions 
are of particular importance, the proportion of fat in 
the emulsion conventionally being 5 to 30% by weight, 
preferably 10 to 20% by weight. As a rule, however, ah 
emulsifier is present together with the fat, proven 
emulsifiers being soya phosphatides, gelatin or egg 
phosphatide. Such emulsions can be prepared by 
emulsifying the water- immiscible oil with water in the 
presence of the emulsifier, which is normally a 
surface-active agent. Other polar solvents can also be 
present with the water, examples being ethanol and 
glycerol (propylene glycol, hexylene glycol, poly- 
ethylene glycol, glycol monoethers, a water-miscible 
ester, etc.). The inert gas can already have been 
incorporated into the lipid phase in a previous process 
step. In the simplest case, however, the preprepared 
emulsion is loaded with the xenon. This can take place 
at various temperatures, for example at temperatures 
from 1°C to room temperature. It is occasionally 
useful here to apply a pressure, for example of up to 8 
atmospheres or more, to the vessel containing the 
emulsion. 

According to the invention, it is possible to use 
fatty emulsions such as those employed in intravenous 
feeding. These fatty emulsions consist essentially of 
a suitable fatty base (soya bean oil or sunflower seed 
oil) and a well-tolerated emulsifier (phosphatides) . 
Fatty emulsions in general use are Intralipid®, 
Intrafat*, Lipofundin*S and Liposyn*. More detailed 
information on these fatty emulsions can be found in <5. 
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Kleinberger and H. Pamperl, Infusionstherapie, 108-117 
(1983) 3. The fatty emulsions generally also contain 
additives which make the osmolarity of the aqueous 
phase, surrounding the fatty phase present in the form* 
of liposomes, isotonic with the blood. Glycerol and/or 
xylitol can be used for this purpose. Furthermore, it 
is frequently useful to add an antioxidant to the fatty 
emulsion in order to prevent oxidation of the unsatu- 
rated fatty acids. Vitamin E (DL- tocopherol) , in 
particular, is suitable for this purpose. 

So-called liposomes, which can be formed from the 
abovementioned triglycerides but also generally from 
so-called phospholipid molecules, are particularly 
advantageous as the lipid phase, especially in the case 
of an oil-in-water emulsion. These phospholipid 
molecules generally consist of a water-soluble part, 
which is formed of at least one phosphate group, and a 
lipid part, which is derived from a fatty acid or fatty 
acid ester. 

US-A-5 334 381 illustrates in detail how liposomes 
can be loaded with gas. In very general terms, a 
device is filled with the liposomes, i.e. with an oil- 
in-water emulsion, and the device is then pressurized 
with the gas inside. The temperature can be reduced to 
as low as 1°C in this process. The gas gradually 
dissolves under pressure and passes into the liposomes. 

Small gas bubbles may then form when the pressure is 
released, but these are now encapsulated by the 
liposomes. It is thus possible in practice to keep 
xenon gas or other gases, for example, in a fatty 
emulsion under hyperbaric conditions. Such prepara- 
tions can also be used according to the invention , 
provided that a separate gas phase does not form 
outside the liposomes and on condition that the desired 
pharmacological action takes place. 

The lipids which form the liposomes can be of 
natural or synthetic origin. Examples of such 
materials are cholesterol, phosphatidylcholine, phos- 
phat idy lethanolamine , phosphat idylser ine , phosphatidyl- 
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glycerol, phosphatidylinositol, sphingomyelin, glyco- 
sphingolipids, glucolipids, glycolipids, etc. The 
surface of the liposomes can moreover be modified by a 
polymer, for example by polyethylene glycol. 

The preparations according to the invention thus 
have a large number of advantages. Thus it was 
possible to observe that, after injection with a pre- 
paration according to the invention, a virtually 
immediate anaesthetic effect took place which, in 
contrast to all known injectable anaesthetics, could 
easily be controlled. However, the agent according to 
the invention has not only an anaesthetic action but 
also a simultaneous analgesic action and, on waking, a 
euphoretic action. The elimination from the body 
depends exclusively on the respiration. Furthermore, 
with an intravenous anaesthetic, the xenon con- 
centration can easily be measured in the exhaled air. 
The control of anaesthesia which can be achieved in 
this way was not possible hitherto with conventional 
intravenous anaesthetics. 

The invention thus provides medicinal liquid pre- 
parations containing a lipophilic inert gas in a 
pharmacologically effective concentration with the 
proviso that preparations used as contrast media or for 
spectrometry are excluded. Pharmacologically effective 
is understood here as meaning anaesthetic (including 
subanaesthetic) , analgesic, muscle relaxing, sedative 
and/or anti-inflammatory. In particular the 
pharmacological effectiveness of the present invention 
may relate to the systemic action on the central 
nervous system. 

To achieve a subanaesthetic action, for example, 
the xenon load in the medicinal preparation may be 
about 0.2 to 0.3 ml of xenon per ml of emulsion. This 
means that an analgesic and/or sedative action may be 
assured for preparations with a xenon content of at 
least 0.2 ml/ml emulsion. An anti-inflammatory action 
may be already observed at 0.1 ml/ml emulsion. It was 
observed that, with continuous infusion over 30 sec, 20 
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ml of an emulsion containing 0.3 ml of Xe per ml of 
emulsion produce a subanaesthetic condition in a 
patient weighing about 85 kg. When working with a 
highly laden perf luorocarbon emulsion containing 1 to 4 
ml of xenon per ml of emulsion, for example, 20 ml of 
this emulsion may be infused over 30 sec, for example, 
in order to induce anaesthesia. An infusion rate of at 
least 7.5 ml/min may be sufficient to maintain the 
anaesthesia. A total of 470 ml of emulsion would thus 
be used for a 1-hour operation (inducement: 20 ml; 
maintenance: 450 ml) . With a xenon content of 3 ml of 
xenon per ml of emulsion, this corresponds to a xenon 
volume of 1410 ml, i.e. a fraction of the xenon 
consumed in inhalation anaesthesia (based on a body 
weight of 85 kg, this would be a consumption of 16.6 ml 
per kg in one hour) . 

Anyhow, a skilled person may easily determine the 
effective xenon concentration by trial and error. As 
has been pointed out before the presence of an emulsion 
or a lipid phase in the liquid preparation according to 
the invention has an effect on the pharmacological 
action. Thus, the above given concentration limits may 
be operative for preparations comprising 10 to 40 % 
(weight/volume) lipid or f luorocarbon emulsions. 
However, the present invention also contemplates 
emulsions comprising more than 40 % w/v and up to 125 % 
w/v of for instance hydrocarbon compounds; e.g. 
fluorinated and/or chlorinated derivatives thereof. 
With such emulsions the loading capacity of the liquid 
preparation may be well above the above given limits. 
On the other hand, as described above, the emulsions as 
such impact the efficacy of the xenon in the liquid 
preparation. Thus, for certain indications the required 
xenon concentration may be drastically lower. 

The preparation according to the invention can 
thus be combined with any known inhalation anaesthetic, 
i.e. an i.v. administration is accompanied by inhala- 
tion anaesthesia. In the combined use with laughing 
gas or xenon and/or with other anaesthetics like 
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halothane, diethyl ether, sevoflurane, desflurane, iso- 
flurane, Ethrane etc., the concentration or amount of 
inhalation anaesthetic used can be reduced. 

It is furthermore possible , and under certain 
circumstances also advantageous, to include another 
pharmacologically active agent in the preparation in 
addition to the inert gas. This can be an intravenous 
sedative or anaesthetic, for example. Depending on 
whether this agent is water-soluble or fat-soluble, it 
is then present in the aqueous phase or the lipid phase 
together with the xenon. 2, 6-Diisopropylphenol, which 
is an effective anaesthetic (for example 1.5-20 
mg/ml) , is found to be particularly suitable for this 
purpose. Etomidate in concentrations of 0.1 - 2 mg/ml 
(Hypnomidate®, an imidazole-5-carboxylic acid deriva- 
tive) is also suitable. Using dissolved xenon in 
addition to the other anaesthetic makes it possible to 
lower the concentration of e.g. diisopropylphenol or 
etomidate which is necessary for anaesthetization. 
Thus, for example, 1 ml of fatty emulsion according to 
the invention (containing about 0.1 g of fat per ml of 
emulsion) can contain 2.5 - 20 mg of 2, 6-diisopropyl- 
phenol, i.e. for example 2.5, 5.0, 7.5, 10, 15 or 20 
mg, in addition to the xenon. 

It has been found that the presence of 2,6- 
diisopropylphenol encompasses several surprising 
effects: 1. By adding 2,6-diisopropylphenol the loading 
capacity of e.g. Intralipid emulsions will be 
increased; 2. the concentrations of both 2,6- 
diisopropylphenol and Xenon (inert gas) necessary to 
achieve an anaesthetic effect are lower, but yet the 
analgetic effect of the Xenon will be observed; 3. this 
route of administration for the first time allows TIVA 
(total intravenous anaesthesia) including analgesia 
avoiding the drawbacks of the prior art, inter alia 
side effects and lack of control; 4. this is the first 
use of a volatile analgetic (Xenon) via intravenous 
administration . 
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In very general terms , the substance with an 
anaesthetic, analgesic or sedative action which is 
present together with the xenon can be another 
anaesthetic, an analgesic, a muscle relaxant or a 
sedative. Examples of other suitable anaesthetics are 
barbiturates (barbital, phenobarbital, pentobarbital, 
secobarbital, hexobarbital and thiopental, inter alia) 
in general, and opioids. Known analgesics are, inter 
alia, compounds of the morphine type, e.g. hydro- 
mor phone, oxymorphone, codeine, hydrocodone, thebacon 
and heroin. It is also possible to use synthetic 
derivatives of morphine, e.g. pethidine, levomethadone, 
dextromoramide, pentazocine, fentanyl and alfentanil. 
It is also possible to use less potent analgesics such 
as anthranilic acid derivatives (flufenamic acid, 
mefenamic acid) , acrylic acid derivatives (diclofenac, 
tolmetin, zomepirac) , arylpropionic acid derivatives 
(ibuprofen, naproxen, phenoprofen, ketoprofen) and 
indoleacetic or indenacetic acid derivatives 
(indometacin, sulindac) . The muscle relaxants used can 
be central muscle relaxants, for example baclofen, 
carisoprodol, chlordiazepoxide, chlormezanone, 
chloroxazone, dantrolene, diazepam, phenyramidol , 
meprobamate, phenprobamate and orphenadrine. Sedatives 
which can be used according to the 

invention are, inter alia, benzodiazepine derivatives 
such as triazolam, lormetazeban, clotiazepam, flur- 
azepam, nitrazepam and f lunitrazepam. 

A preparation according to the invention can 
consequently serve several purposes: 

a) intravenous induction of anaesthesia (optionally 
with 2, 6-diisopropylphenol or etomidate as a supporting 
component) ; 

b) supplementary intravenous administration in 
parallel with inhalation anaesthesia with xenon or 
another gas (e.g. laughing gas or desf lurane) , it being 
possible considerably to reduce the amount of gas to be 
used overall; 
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c) maintenance of anaesthesia over a prolonged 
period, the inert gas-containing preparation optionally 
being administered only as a supplement together with 
2, 6-diisopropylphenol or etomidate, for example; as the 
concentration of diisopropylphenol, for example , can be 
considerably reduced here, prolonged anaesthesia 
virtually free of side effects becomes possible; 

d) because xenon has an analgesic action, it is 
possible, by combining it with an inhalation anaes- 
thetic or an intravenous anaesthetic, appreciably to 
reduce or totally dispense with a supplementary 
analgesic; 

e) intravenous xenon preparations, whether or not 
combined with inhalation or intravenous anaesthetics, 
reduce the need for muscle relaxants up to the point 
where they can be totally dispensed with. 

As is apparent from the above remarks, the inven- 
tion is not restricted to anaesthesia as the field of 
use. The term anaesthesia here includes both the 
induction and the maintenance of anaesthesia. Addi- 
tionally, however, the preparations according to the 
invention also have a pain eliminating action, which 
can become significant in conjunction with anaesthesia. 
Under certain circumstances, however, the elimination 
of pain, for example acute and chronic pain therapy, 
also comes to the fore, a degree of additional sub- 
anaesthetic or sedative action often being desirable. 
Intravenous administration in a subanaesthetic dose 
over a long period of time (1 h to several days) 
effects an increased pain inhibiting action. One par- 
ticular field of use of a preparation according to the 
invention as an anaesthetic is emergency medicine. 
This frequently demands especially short waking phases 
following deep painless anaesthesia. Another example 
is the acute treatment of a cardiac infarction. In 
this case the preparation according to the invention 
serves to lower the sympathetic tone and alleviate 
pain. Thus the agent according to the invention can 
also be used very generally in inflammation and pain 
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therapy. A further possibility here, inter alia, is 
topical use of the agent according to the invention* 

It is also possible to consider ointments and 
creams (fatty emulsion or liposomes) and the like, 
which can be applied for example to damaged tissue. 
These preparations can also be sprayed into cavities or 
joints in order to effect a pharmacological action. 

Ointments or creams according to the invention are 
particularly suitable for the local alleviation of 
pain. Here the ointment is applied to the area to be 
treated and is optionally provided with an airtight 
wound closure. The invention can consequently also be 
put into effect by means of a plaster which carries the 
preparation according to the invention on the side to 
be applied to the wound, and takes the form of a con- 
ventional plaster covering, which is optionally of 
airtight design, on the other side. 

In the broadest sense, the invention can thus be 
understood as a liquid or gel-like preparation 
containing the inert gas in dissolved or dispersed 
form. As demonstrated here using a fatty emulsion as an 
example, the liquid or gel-like preparation according 
to the invention is characterized in that it contains 
the gas with the pharmacological action dissolved in a 
finely divided, separate phase. As a rule, this 
separate phase is the disperse phase of a dispersion or 
emulsion. However, the separate phase containing the 
gas can also be the continuous phase. The preparations 
according to the invention are generally composed in 
such a way that the disperse phase as such has the 
property of dissolving the gas. As regards the 
lipophilic inert gas used, one possibility is therefore 
to have a fatty emulsion with separate, very small fat 
droplets or liposomes, which then contain the inert gas 
in dissolved form. Very generally, however, it should 
be stated that the preparations according to the 
invention are preferably emulsions in which the 
disperse phase normally contains the active gas. 



WO 98/40083 



PCI7EP98/01304 



19 

A further embodiment of the present invention is a 
method for inducing anaesthesia, sedation, analgesia, 
muscular relaxation and for inflammation therapy .- In 
the course of such treatment a liquid preparation is 
administered to a patient usually by the parenteral 
route* In addition, the present invention relates to a 
method of maintaining anaesthesia by adiministration of 
the above described liquid preparation. In such a 
method the adiministration of the liquid preparation 
according to the present invention ensures rapid onset 
of the described effects. A particular advantage of any 
of the above described methods according to the present 
invention lies in the fact that the liquid preparation 
can be administered over long time intervals, such as 
several minutes and hours, without causing e.g. 
inflammatory side effects. 

Experimental section 

Fattv emulsions 

The commercially available Intralipid preparations 
(obtainable from Pharmacia & Upjohn GmbH, Erlangen) 
were used as fatty emulsions in the following Examples. 
These emulsions consist essentially of soya bean oil, 
3-sn-phosphatidylcholine (from chicken egg yolk) and 
glycerol. An Intralipid*10 fatty emulsion, for 
example, has the following composition: 

Soya bean oil 

(3-sn-Phosphatidyl) choline from 
chicken egg yolk 
Glycerol 

Water for injections ad 

Adjusted to pH 8.0 with sodium hydroxide. 
Energy value/1: 4600 kJ (1100 kcal) 
Osmolarity: 260 mOsm/1 



100 g 

6 g 
22.0 g 
1000 ml 
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An Intralipid*20 fatty emulsion, for example, has 
the following composition: 

Soya bean oil 200 g 

(3-sn-Phosphatidyl) choline from 

chicken egg yolk 12 g 

Glycerol 22-0 g 

Water for injections ad 1000 ml 

Adjusted to pH 8.0 with sodium hydroxide. 
Energy value/1: 8400 kJ (2000 kcal) 
Osmolarity: 270 mOsm/1 

Loading of perf luorocarbon emulsions with xenon 

A series of perf luorocarbon emulsions were pre- 
pared or purchased and loaded with xenon. The activity 
of the preparations was verified on an animal model 
(rabbit) . All the emulsions were used in the same way 
as the Intralipid preparations described above, i.e. 
the experimental animal was quickly anaesthetized by an 
injection in the ear (about 1 ml) . 

Each of the emulsions was placed in a beaker and 
loaded by having the xenon gas passed through it. 

The following perf luorocarbon compounds were used: 
perfluorohexyloctane (1), perf luorodecalin (2), per- 
flubron (C 8 F 17 ) (3). 

Emulsifiers, for example egg yolk lecithin (Lipoid 
E100 from Lipoid GmbH, Ludwigshaf en) , Pluronic PE6800 
and Pluronic F68, were also used to prepare the 
emulsions. 

It was established with all the emulsions that a 
perf luorocarbon emulsion of only 40% (weight /volume, 
i.e. weight of perf luorocarbon compound to volume of 
emulsion) could take up 1 to 4 ml of xenon per ml of 
emulsion. 



Experime ntal animal studies 

To demonstrate the efficacy of the preparations 
according to the invention, an experiment was performed 
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on 24 pigs aged 14 to 16 weeks and weighing 36.4 - 43.6 
kg. They were randomly divided into a total of 6 
groups, which were anaesthetized either in conventional 
manner or by means of the emulsion according to the 
invention. In all the groups the anaesthesia was 
induced intravenously with a bolus injection of 
pentobarbitone (8 mg/kg body weight) and buprenorphine 
(0.01 mg/kg body weight). The anaesthesia was then 
continued by means of conventional inhalation 
anaesthetics (laughing gas or a xenon/oxygen mixture) 
or the intravenous administration of pentobarbitone and 
buprenorphine. In one group (comparative group) the 
anaesthesia was maintained by the intravenous 
administration of 2 , 6-diisopropylphenol (10 mg/1 ml 
emulsion). For maintenance of the anaesthesia, two 
groups of pigs (according to the invention) , each 
containing four individuals* received an intravenous 
infusion of 1 ml/kg/h of a 10% by weight fatty emulsion 
according to the invention which had previously been 
saturated with xenon (about 0.6 ml of xenon per ml of 
emulsion; gravimetric measurement; higher proportions 
of xenon were obtained by loading said Intralipid® 10 
emulsions under a xenon atmosphere of 5 to 7 bar (up to 
about 2.0 ml)). In group 2, 7.5 mg/kg body weight/h of 
2, 6-diisopropylphenol were additionally administered 
with the fatty emulsion. 

The pigs underwent a surgical intervention 
(standard intervention: section of the left femoral 
artery) (identical in each group and for each experi- 
mental animal) and the adrenaline level, heart rate, 
arterial blood pressure and oxygen consumption were 
recorded. It was also established how much additional 
pentobarbitone needed to be administered in order to 
bring the analgesia and depth of anaesthesia to the 
required level in each group. 



WO 98/40083 PCT/EP98/01304 

22 

Table 



Group Adrenaline 


Heart 


Arterial 


VO2 


Pentobar- 


pg/ml 


rate 


blood 


[ml/min] 


bitone 






[min"" 1 ] 


pressure 




r equ irement 








[mm Hg] 




mn/ka /min 


Compa- 


60 


115 


110 


410 


0.25 


rative 


134 


120 


105 


391 


0.36 


group 


112 


105 


115 


427 


0.31 




85 


98 


101 


386 


0.42 


Group 


38 


112 


112 


341 


0.09 


1 


21 


106 


100 


367 


0.04 




16 


95 


104 


348 


0.11 




30 


112 


118 


334 


0.15 


Group 


10 


88 


100 


325 




2 


23 


100 


85 


346 






14 


94 


93 


331 






8 


104 


87 


354 





Evaluation of the results pertaining to the groups 
which were anaesthetized in conventional manner (not 
tabulated here) showed that anaesthesia with a xenon/ 
oxygen mixture was markedly superior to the other 
methods. Surprisingly, the two groups which had 
received an intravenous administration of a fatty 
emulsion according to the invention (group 1 and group 
2) showed similarly favourable results, it even being 
possible to achieve significant improvements in the 
case of a combined administration together with 2,6- 
diisopropylphenol (group 2) , as demonstrated by a lower 
adrenaline level (less stress) and no pentobarbitone 
requirement at all. 

The values indicated in the Table show that the 
preparation according to the invention is superior to 
all the currently available intravenous anaesthetics, 
especially on account of the additional analgesic 
potency. Thus the pigs in group 1 (10% by weight fatty 
emulsion saturated with xenon) show, by comparison (cf . 
comparative group) , markedly less stress (adrenaline 
level) , a lower oxygen consumption (V0 2 ) and a lower 
pentobarbitone requirement (i.e. better anaesthesia). 
The difference relative to intravenous anaesthetics 
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according to the state of the art is even more clearly 
apparent when the results in group 2 (10% fatty 
emulsion with 2, 6-diisopropylphenol and enriched with 
xenon) are compared with the comparative group. This 
shows not only markedly reduced stress (adrenaline 
level) • With a markedly reduced heart rate and lower 
arterial blood pressure, coupled with a lower oxygen 
requirement, it was possible to dispense with the 
administration of additional amounts of pentobarbitone. 

The use of perf iuorocarbon preparations was 
studied on another group (4 pigs of 31.4 to 39.8 kg 
body weight) . A 40% perf Iuorocarbon emulsion with a 
xenon content of 2.1 ml of xenon per ml of emulsion was 
used on this experimental group. For induction and 
intubation, the pigs received 20 ml of the emulsion 
intravenously over 20 sec (corresponding to 1.34 ml 
xenon/kg body weight) . After intubation and respira- 
tion, xenon was continuously infused intravenously over 
30 min, the experimental animals thereby receiving a 
total of 75 ml of emulsion (corresponding to 10 ml 
xenon kg" x h" x ) . 

The following Table indicates the experimental 
results for the adrenaline level, the heart rate, the 
arterial blood pressure and the oxygen consumption. 
The results show that, by increasing the xenon load and 
infusion rates (over 5 ml/kg/h) , complete anaesthesia 
can be effected using only the agent according to the 
invention. Overall, it is even established that the 
oxygen consumption (V0 2 ) is lower and the anaesthesia 
(adrenaline level and heart rate) is less stressed. 



Adrenaline Heart rate Arterial VO2 {ml/min) 

tpg/ml] {min -1 J blood pressure 

{mm Hg] 

8 90 101 301 

6 87 96 320 

10 94 98 308 

5 100 106 316 
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Experiment on one's own body 
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The inventor of the present invention conducted an 
experiment with the preparation according to the 
invention to determine the efficacy of said 
preparation. In this experiment a fatty emulsion of 
Intralipid®10 fatty emulsion was loaded with xenon as 
described above. As determined by gravimetric methods 
said preparation contained about 0.7 ml xenon in 1 ml 
emulsion. Anaesthesia was induced by injecting 30 ml of 
said emulsion over a time period of about 20 sec. An 
immediate onset of anaesthesia was observed. Thereafter 
the anaesthesia was maintained by infusion at a rate of 
about 120 ml/h of said emulsion. After about 20 min the 
administration of the liquid preparation was stopped. 
About 30 sec thereafter the inventor regained 
consciousness and summoned his colleagues for a 
detailed discussion of the conducted experiment shortly 
thereafter. During this experiment a complete 
anaesthesia induction followed by anaesthesia 
maintenance with a spontaneous respiration and very 
good analgesia was observed (see table infra) . The 
inventor reported no dizziness or other side effects as 
usually observed after anaesthesia with well known 
anaesthetic agents of the prior art, such as 2,6- 
diisopropylphenol (propofol) . 



Time 


blood 


movements 


ice cube 


remarks 


[min" 1 ] 


pressure 




to belly 










reaction 




0 


115/65 




yes 




+20 sec 


110/70 




no 


anaesthesia 


5 


110/75 


no 


no 


anaesthesia 


10 


115/75 


no 


no 


anaesthesia 


15 


115/80 


no 


no 


anaesthesia 


20 


120/75 


no 


no 


anaesthesia 


+30 sec 


120/75 


yes 


no 


awake 


25 


120/80 


yes 


yes 


awake 
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The experiment was repeated three times observing 
practically identical results. 

In none of the above experiments any acute or 
apparent toxicity was observed. 
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Further embodiments of the present invention 



After further studies with xenon containing emulsions 
it was contemplated that the utility of the above 
described invention by far exceeds the use of noble 
gases such as xenon of krypton. In the field of 
anaesthesia there is an ongoing dispute with regard to 
whether inhalation or intravenous anaesthesia should be 
employed (J. Clin. Anesth., vol. 8, May 1996). In 
particular, many experts still believe that inhalation 
anaesthesia is vastly superior to intravenous 
anaesthesia. The problem with the latter being that 
side effects, depth of anaesthesia and end-tidal 
concentration cannot be readily controlled. Anyhow, 
until today no one has ever made the suggestion to 
utilize inhalation anaesthetics in the context of, 
i.e., as the active agent, in intravenous 
anaesthetisation. In this context, the term anaesthesia 
relates to the loss of consciousness and not just a 
local effect. 

For the purpose of inhalation anaesthesia, the prior 
art utilises certain volatile liquids, such as halotan 
(CF 3 -CHBr) . Further, ethers and halogenated ethers, 
such as methoxyf lurane, enflurane and isoflurane are 
utilized. These compounds are liquid at ambient 
temperature (20°C; standard pressure) but volatile. 
Such inhalation anaesthetics are often used in 
combination with other gases, for instance together 
with laughing gas. 

US-A-4, 622,219 with the title "Method of inducing local 
anesthesia using microdroplets of a general anesthetic" 
describes that microdroplets of the general anaesthetic 
methoxyf luorane coated by an unimolecular layer of 
dimyristoyl phosphatidylcholine can be intradermally or 
intraveneously administered to a patient for inducing 
local anesthesia. It is stressed, however, in this 
reference that the effect is just local. The problem of 
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this reference was to overcome the disadvantage of 
local damage produced by injecting an organic phase 
into the skin or other tissues. Accordingly, this 
reference suggests that a layer made of certain 
compounds is provided in order to avoid coalescence of 
the organic phase. As shown in the examples, the amount 
of said compound never exceeds about 1% m/v of a 
complete microdroplets containing preparation. 

According to the broader concept of the present 
invention, the object is to provide a liquid 
preparation that can be used in general anaesthesia. 

This object is solved by a liquid preparation 
comprising an emulsion/dispersion being at least 5% by 
weight (m/v) and containing an anaesthetically 
effective amount of a compound I, II, III or IV: 

I I 
R 2 "C - X - C - R 5 j 

II 
R3 R* 

Ri 

I 

R 2 - C - R4 II 
I 

R 3 

Ri R 3 

\ / 

c = c in 

/ \ 

R 2 R 4 



- C 2 C - R 2 



IV 
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wherein Ri to R 6 independently of each other are 
hydrogen, Ci-03-alkyl or halogen and X is a single-bond 
or oxygen or sulfur, 

with the proviso that said compound (I -IV) is liquid or 
gaseous at room temperature (20°C) and has an oil/water 
partition coefficient (in n-octanol; 20°C) of about 20. 

Anaesthetically effective compounds may be for instance 
ether, such as diethylether , divinylether , desf lurane, 
sevoflurane, methoxyf lurane, enflurane and isoflurane. 
Halogenated carbohydrates may be chloroform, 
ethylchloride, trichloroethylen and halotan. Further, 
anaesthetically effective organic gases, such as 
ethylene, cyclopropane and acetylene may be mentioned. 

The substituents R x to R 6 may be independently hydrogen, 
Ci-C 3 -alkyl and halogen. From the halogens in particular 
fluor, brom and iod are contemplated. The Cx^-alkyl 
groups may be substituted, in particular with the above 
mentioned halogens. Further, two residues, for instance 
Ri and R 4/ may be joined thereby forming a 5- or 6- 
membered ring (which again may contain a hetero atom 
such as oxygen or, less preferred, sulfur). 

Preferably, compounds are utilized that have an 
oil/water coefficient of 50 to 1000. For instance, 
enflurane has an oil/water coefficient of 120 and 
methoxyf lurane has a coefficient of 400. 

It was surprising, that such preparations could be 
intravenously applied having an anaesthetic or sedative 
effect in general and not just locally. This effect is 
particularly surprising in view of the disclosure of 
US-A-4, 622,219 which contemplates particular high 
concentrations of for instance methoxyf lurane. 
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Of particular importance is a high content of lipid in 
the preparation according to the invention. It was 
found out that the lipid fraction of the preparation is 
critical and thus, according to the broader aspect of 
the invention, the lipid fraction of the prepartion has 
to be at least 5 % by weight (m/v) . Accordingly, this 
invention prefers to utilize fatty emulsions which 
comprise the lipid at about 10 to 40 percent (m/v) . 

It is preferred in the present invention to use well- 
known volatile liquids which are used in the prior art 
as inhalation anaesthetics. These compounds are purely 
water-soluble compounds which are carried through the 
blood stream by binding to blood cells and proteins. It 
has never been reported that such compounds may have an 
effect on the central nervous system when administered 
in a liquid preparation. 

The preparations according to the invention can be 
easily prepared by mixing the preferred liquid 
compounds with an already prepared emulsion, such as 
Intralipid® 10 or Intralipid® 20 fatty emulsions. In a 
preferred method of preparing the preparation, the 
mixed constituents are sonicated. 

Loading of emulsi ons with different volatile 
anaesthetics . . 

The following volatile anaesthetics were mixed in 
amounts of 1 to 5 ml with 50 ml of a Intralipid® 20 or 
Intralipid® 10 emulsion, respectively: 

halotane 
chloroform 
diethylether 
methoxy f lur ane 
enf lurane 
isof lurane 
desflurane 
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sevof lurane 
divinylether 

These compounds were readily dissolved in the emulsions 
without forming a separate phase or precipitates. 
Occasionally, the mixed compositions had to be heated 
and agitated, or they were subjected to a short 
sonication. 

The efficacy of the preparations was tested with 
laboratory rats. The anaesthetic preparation was 
injected intravenously (0.5 ml). In particular, with 
halotane, enf lurane and methoxyf lurane an immediate 
onset of anaesthesia was observed. All laboratory rats 
survived this test. 

Further, the inventor has carried out an experiment on 
his own body. He received an intravenous infusion of 5 
ml (in 40 ml of a Intralipid® 10 emulsion containing 1 
ml halotane) . Upon injection of the preparation an 
immediate onset of an anaesthetic effect was observed. 
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Claims 

1. Liquid preparation for inducing and/ or maintaining 
anaesthesia, which contains a lipophilic inert gas in a 
concentration effective as an anaesthetic. 

2. Liquid preparation for inducing sedation, which 
contains a lipophilic inert gas in a concentration 
effective as a sedative. 

3. Liquid preparation for inducing analgesia, which 
contains a lipophilic inert gas in a concentration 
effective as an analgesic. 

4. Liquid preparation for inducing muscular relaxa- 
tion, which contains a lipophilic inert gas in a 
concentration effective as a muscle relaxant. 

5. Liquid preparation for inflammation therapy, which 
contains a lipophilic inert gas in a concentration 
effective as an anti- inflammatory . 

6. Liquid preparation according to any one of the 
preceding claims which contains xenon in dissolved or 
dispersed form. 

7. Preparation according to any one of the preceding 
claims which is in the form of a perf luorocarbon 
emulsion. 

8. Preparation according to any one of Claims 1 to 6 
which is in the form of a fatty emulsion including an 
oil-in-water emulsion or dispersion and a liposomal 
emulsion. 

9. Preparation according to any one of the preceding 
Claims in which another pharmacological agent is 
additionally present in dissolved form. 

10. Preparation according to Claim 9 wherein the 
additional pharmacologically active agent is an intra- 
venous anaesthetic, analgesic, sedative or muscle 
relaxant. 
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11. Preparation according to Claim 10 wherein the 
additional pharmacologically active agent is 2,6- 
diisopropylphenol, etomidate or a derivative thereof. 

12. Preparation according to Claim 10 wherein the- 
additional pharmacologically active agent is fentanyl 
or alfentanil. 

13. Infusion agent for anaesthesia, which comprises a 
preparation according to any one of the preceding 
claims. 

14. Use of a xenon-containing liquid preparation for 
the induction and/or maintenance of anaesthesia. 
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